Recent studies on the fly visual system have revealed how the morphology of visual interneurons and their lateral electrical connectivity helps overcome a notorious problem in visuomotor control -the ambiguity of local sensor signals.
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As we walk around or when driving a car we constantly watch the surroundings to keep our bearings and to avoid crashing into someone or something. Over the past few decades, scientists have been studying how the brain supports visuomotor control in a variety of animal species, including the fly. Flies heavily rely on visual feedback to stay on course, stabilize their gaze and avoid collisions during their high-performance flight manoeuvres. To master these tasks, flies continuously estimate their self-motions in three-dimensional space. A recent study by Elyada et al. [1] has shown how different functional compartments of identified cells in the fly's visual system contribute to a robust estimation of self-motion.
How do flies -or any animal for that matter -use vision to estimate self-motion? When the fly is moving the entire visual environment is shifted relative to its eyes. Such panoramic image shifts are called optic flow fields. Such flow fields can be represented as local velocity vectors, the orientation and magnitude of which indicate the direction and speed of relative motion at a given location in the visual field. The appearance of an optic flow field depends on the fly's direction of translational motion, or the orientation of the axis it is turning around. For instance, lift translation and roll rotation result in easily distinguishable flow fields ( Figure 1 , right panels). But there is a catch: whatever algorithm is used to analyse directional motion, it always works locally; local directional motion, however, is ambiguous with regard to the self-motion that has caused it. In a certain region of both the lift and the roll flow fields, the vectors point downwards (Figure 1 , right panels, grey area). A local detector that analyses downward motion in that region would be activated during both movements and could therefore not distinguish between them [2] . This is not the only problem the fly has to overcome when estimating self-motion. Flies analyse directional motion using 'elementary movement detectors' [3, 4] , which essentially perform a spatio-temporal correlation of brightness values between neighbouring facets in the fly's hexagonal eye lattice. Elementary movement detectors do not, however, produce output signals that are proportional to velocity. Rather, the signals strongly depend on the contrast distribution of the visual surrounding. A combination of experimental and theoretical work showed that periodic input patterns moving in an elementary movement detector's preferred direction introduce amplitude modulations in its output at the temporal frequency of the pattern (that is, the number of light-dark cycles per second) [5] . Other pattern-related parameters, such as the ratio between the spatial sampling base of the two elementary movement detector inputs and the spatial wavelength of the pattern, also have an impact on the detector's response [6] . Given the ambiguities of local elementary movement detector signals, how can a fly ever use vision to estimate self-motion? The key word is spatial integration [7] . In the fly visuomotor pathway, this takes place in the third visual neuropil. Flies employ a population of visual interneurons, the lobula plate tangential cells, named after their anatomical orientation in the part of the visual system where they are found. Lobula plate tangential cells play a fundamental role in analysing optic flow and estimating self-motion-related parameters [8, 9] . On their extended dendrites, these cells integrate signals from a huge number of elementary movement detectors, arranged in retinotopic manner. This means that neighbouring elementary movement detectors analyse motion at neighbouring positions in the visual field. Two distinct lobula plate tangential cell subpopulations have been extensively studied for years, the three cells of the horizontal system (HS) and the 10 cells of the vertical system (VS) [8] . These cells have big receptive fields: motion within a wide area of the fly's visual field induces changes of their electrical activity. HS-cells and VS-cells connect either directly or indirectly, via descending neurons, to the various motor systems.
Detailed studies on the receptive field organization of VS-cells have shown that they integrate signals from elementary movement detectors in a very specific way. Each VS-cell only integrates the output of those elementary movement detectors whose preferred directions match the local velocity vectors of a specific flow field [10] . Thus, a given VS-cell is tuned to indicate a specific self-motion component. VS6, for instance, prefers optic flow the animal encounters during roll rotations, while VS1 encodes a nose-up pitch movement. The other VS-cells cover clockwise and counter-clockwise rotations in-between pitch and roll [2] .
The benefits of specifically integrating local motion signals are obvious: for one thing, it increases the ability to distinguish between different self-motions at the level of the VS-cell population [9] . And secondly, it relaxes the problem of the pattern-dependent responses of individual elementary movement detectors. Even if the pattern properties induce temporal modulations of the local inputs to the cells, they will be out of phase along the vertical dendrite and thus cancel out each other. Such reduced pattern-dependence upon wide-field integration was predicted from first principle [5] and later on demonstrated experimentally using in vivo calcium imaging techniques [11] .
Although the receptive field organization of VS-cells suggested that they are tuned to specific self-motions, one result was quite puzzling: the horizontal extent of the VS-cell receptive fields was found to be much broader than one would expect from the size and location of the cells' dendrites within the lobula plate [2] . For the HS-cells, dendritic arborisation and receptive field size do correspond quite well. So why is this not also the case for the VS-cells [12] ?
A few years ago, Haag and Borst [13] found an explanation for the excessive size of some of the VS-cell receptive fields. They simultaneously recorded the intracellular potentials of pairs of VS-cells and showed that neighbouring cells are electrically coupled through gap junctions. By injecting current into one VS-cell and measuring the voltage changes in another, the authors inferred that all VS-cells are connected to their immediate neighbours. Further studies by Farrow et al. [14] confirmed that the VS-cells are connected like the links of a chain. Using laser ablation techniques Farrow et al. [14] showed that current injections into a cell at one side of an ablated cell would no longer transmit to the other side [14] . Later work from the same laboratory suggested how the chain of VS-cells may be closed. Cells were found in the lobula plate which form reciprocal inhibitory connections between the most distal cell VS1 and the most proximal cell VS10 [15] .
Cuntz et al. [16] , and now Elyada et al. [1] , have performed a series of demanding in vivo electrophysiological and calcium imaging experiments which, in combination with modelling studies, contribute to a functional interpretation of the intricate VS-cell circuitry. Elyada et al. [1] found that the width of some VS-cells' receptive fields along the azimuth depends on the location at which motion-induced activity changes are measured. If the relative changes in intracellular calcium concentration -an indication for the cells' activity state -are measured in the dendrites, the receptive field is narrow (Figure 2, left graphs) . Calcium concentration changes in the axon terminal, however, reveal broader receptive fields (Figure 2, right graphs) .
These results imply that VS-cells actually consist of two distinctly different functional compartments which, to a certain degree, are electrically isolated from one another. The first is the dendrite; here some non-linear processes take place when signals from local elementary movement detectors are spatially integrated and mechanisms such as dendritic gain-control kick in [17, 18] . Altogether, the dendritic processing stage establishes the specificity of the cell's response to a particular optic flow field [10] , reduces the pattern-dependence of the responses [1, 11] and, together with the effects of motion adaptation and contrast gain-control, prevents the cells' responses from saturating [17] [18] [19] .
The second functional compartment is the axon terminal; here, neighbouring VS-cells are electrically coupled, which makes sure that they are all on the same page. Broadening the receptive fields by means of linearly interpolating between the dendritic receptive fields of neighbouring cells guarantees that each individual cell gets to see as much of the visual field as possible. Although it is not yet clear whether this improves the signal-to-noise ratio when encoding specific self-motions, such linear interpolation presumably increases the pattern-invariance of VS-cell signals even further [1, 16] . Smooth transitions between different body rotations, which occur during specific flight modes [20] , would result in a smooth distribution of activities within the VS-cell population. This, in turn, could benefit the sensorimotor transformation along the various visuomotor pathways.
The new paper by Elyada et al. [1] makes an important point about the relationship between cell morphology and intracellular processing, in general. Electrically decoupling cellular compartments allows nerve cells to separate non-linear integration processes before combining their outputs in a linear fashion to establish a robust population code that overcomes the ambiguity of local sensory signals.
How many motors move cargos on microtubules inside a cell, and how do they work together to achieve regulated transport? A new study uses an optical trap to investigate the motion of protein-bound beads on the surface of flagella to address these questions and comes up with some intriguing answers.
Roop Mallik 1 and Steven P. Gross 2 The study of cytoskeletal molecular motor-driven transport has come a long way. Not so long ago, the focus was on single motors and their properties, but new studies from several groups have highlighted the more complex nature of the transport problem. Multiple motors move cargos and, in many cases, motors of opposite polarity are attached simultaneously, so that a specific cargo can in principle move in either direction [1] [2] [3] [4] [5] . This raises the as yet unanswered questions of how do motors function together, and how is net transport controlled? A recent publication [6] in PNAS develops a powerful system -flagellar surface motility -that is amenable to both biophysical and genetic approaches and reveals intriguing similarities and differences with other bi-directional transport systems. Understanding conserved and unique aspects of this system will likely lead to a deeper understanding of intracellular transport.
The absolute number of motors moving a cargo is likely to influence transport -experiments in vitro show that two or three kinesin or dynein motors move cargos much further than one [7, 8] . The relative concentration of opposing motors is also important because this can bias transport in either direction. However, it is not so easy to determine the number of engaged and active motors by standard biochemical techniques because some cargo-bound motors may be inactive. Biophysically, one way to do this is by measuring the force required to stop cargos, since, at least for small numbers of motors, motor stall forces are approximately additive [7] [8] [9] . Such stalling force measurements are relatively straightforward in vitro where well-characterized polystyrene beads coated with motors are used in buffer. However, calibrated force measurements in vivo are technically challenging because endogenous cargos vary in size and move in cytoplasm of unknown properties.
The new system of Laib et al. [6] is clever in that it makes possible such stalling force measurements by combining some of the best aspects of both in vitro and in vivo studies. In short, an intact living Chlamydomonas cell is affixed to a coverslip, and its flagella are immobilized. Then, when a laser trap is used to bring a microsphere (the cargo) into contact with the flagellum (Figure 1) , the microsphere binds to the flagellar plasma membrane, specifically to the FMG-1 flagellar membrane protein, and is subsequently transported along the flagellum in either an anterograde or retrograde manner by molecular motors inside the flagellum that are coupled to FMG-1. Thus, the microsphere is in vitro (bead in buffer) but it is expected that it reports on the action of motors in vivo (moving inside the intact flagellum). Once the microsphere binds and starts to move, its position is measured with a laser/ quadrant diode system with very high temporal and spatial resolution.
To measure the force applied by motors, the bead's motion (opposed by the optical trap) is monitored; the maximal displacement of the bead from the center of the trap (w80 nm) is then multiplied by the trap stiffness to calculate the maximal force (w60 pN) applied by the motors. The measurements of Laib et al. [6] cannot resolve the forces of single dynein or kinesin motors in this system. Instead, the forces they measure are interpreted to arise from around ten active motors in each direction with an assumption of w6 pN for both kinesin and dynein motors. These measured forces and the inferred motor numbers are, surprisingly, significantly different from other in vivo force measurements of smaller internal vesicular cargos, such as mitochondria [10] and lipid droplets [11] , each of which reported typical forces of less than 10 pN, reflecting fewer motors.
Since previous work found that beads only move a few microns even when no trap was present [12] , it was surprising that so many motors appear to move the beads -beads driven by more than three or four motors in vitro move hundreds of microns. Three models were considered to account for these observations. The first hypothesizes a complex of kinesin, dynein and regulatory proteins (similar to a previous suggestion for lipid droplets [13] ), able to disengage one set of motors and then rapidly engage the other set. This model appears consistent with all the data. The second, a 'biased accumulation' model, hypothesizes that signaling causes the FMG-1 membrane patch to become transiently 'sticky' to one set of passing motors; when the signaling changes, the motors detach, and motion in that direction ceases. While formally possible, this model requires a huge flux of moving motors to rapidly bind to the membrane patch (since pauses between reversals of direction only last for hundreds of milliseconds), which seems unlikely. Further, it would be inconsistent with other bi-directionally moving cargos where both sets of motors are bound to the cargo simultaneously [2] . The
